The last millenium of Earth history is of particular interest because it documents the environmental complexities of both natuxal variability and anthropogenic activity. We have analyzed the major ions contained in the Greenland Ice Sheet Project 2 (GISP 2) ice core from the present to ,.,674 A.D. to yield an environmental reconstruction for this period that includes a description of nitrogen and sulfur cycling, volcanic emissions, sea salt and terrestrial influences. We have adapted and extended mathematical procedures for extracting sporadic (e.g., volcanic) events, secular trends, and periodicities found in the data sets. Finally, by not assuming that periodic components (signals) were "stationary" and by utilizing evolutionary spectral analysis, we were able to reveal periodic processes in the climate system which change in frequency, "turn on," and "turn off" with other climate transitions such as'that between the little ice age and the medieval warm period.
Introduction
Understanding the climate system remains one of the major intellectual challenges faced by science. The processes controlling climate and the resultant responses are complex (e.g., nonlinear, stationary, and nonstationary) and often only interpretable from the perspective of paleorecords since modern climate processes may be markedly affected by anthropogenic influences. To understand these complexities, we examine high resolution, continuous paleorecords utilizing an innovative form of environmental signal analysis that is particularly well suited to the interpretation of such series.
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incorporates climate events which serve as our most recent analogs for conditions cooler and warmer than the present century: the little ice age (LIA) and medieval warm period (MWP), respectively [Lamb, 1982; Grove, 1988] .
Approach
The glaciochemical time series presented were sampled continuously at a mean interval of 1.94 years and analyzed under stringent procedures described elsewhere [Mayewski et al., 1987] . Dating of these series (via annual layer counting (e.g., stratigraphy, stable isotopes, chemistry, electrical conductivity, particles) and volcanic and radionuclide event histories) resulted in a chronology which departs by <1% in age, at any level, from other ice core records developed in Greenland [Hammer et al., 1978 [Hammer et al., , 1980 Hammer, 1984 Harmonic behavior in the trend-free series was explored graphically using a form of "evolutionary spectral analysis" [Priestley, 1988] based on a two-dimensional version of the Lomb algorithm. This allows a global view of harmonic structure (e.g., shift, trend, drift). The estimated evolutionary spectra are shown in Plate 1. The graphical results were confirmed by the normal Lomb spectral estimator followed by an estimation of the temporal distribution of spectral power in the series at the frequency of interest by estimation of the Lomb spectra for stepwise determined initial and final segments of the series. A significant sinusoidal factor was extracted from the contiguous time interval over which the spectral power (as estimated by the stepwise procedure) was maximized (Table 2) . While the evolutionary spectrum (Plate 1) tends to underestimate the duration of harmonic signals, simulations show that the stepwise approach ( Table TABLE 1 
Chemical Species Signal Characteristics and Sources
There is strong evidence suggesting that many of the processes controlling the Earth system, in particular climate, have complex structures (e.g., cycles and nonlinearities which can turn on and off on the scale of years to thousands of years). To investigate these structures, we need paleoclimatic records that can "sense" such complexity. As a test of this sensitivity, the signal characteristics generated in this study are compared to a temperature record (Figures 2-3 and Plate 1) that broadly characterizes the source and transport regions feeding central Greenland. Trend(s) and sporadic events (Table 1 and 
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Concluding Remarks
The statistical techniques presented provide a new quantitative approach to the analysis and interpretation of environmental time series. Based on a consistently conservative approach and extensive simulation to estimate null distributions, we are confident that while our techniques are "exploratory," future analyses will not substantially alter our findings. The fact that the same signal structure is not present in every chemical series suggests that the entire suite of series is not dependent on a single factor such as accumulation rate or postdepositional alteration. In fact, each series provides an independent interpretation, which together provide a new view of environmental change.
The results described and graphically summarized in the form of "signals" (Figure 3) Based on changes in trend, continental air masses (via calcium) appear to reflect the onset of LIA conditions ~200 years before (1391 compared to 1587) and to reflect the end of the LIA ~70 years earlier (1846 compared to 1914) than marine source air masses (via ss sodium). Evidence of such lagging will be useful for elucidating the processes controlling change and/or the continental versus marine responses to change. Further, trends in nitrate, nss sulfate, ex chloride, and ammonium have not returned to MWP conditions since the end of the LIA due to anthropogenic influences on the levels of these species. Investigation of outlier distribution provides information concerning events such as volcanic activity, biomass burning, storminess, and aridtry.
Periodic forcing of biogenic (via ammonium) and dust (via calcium) components of continental air masses and bioodi.m)...d (via ex chloride) components of marine air masses can be tracked using ice core records. Notably, nonstationarities in the periodicity of these species plus nitrate parallel the timing of the LIA and MWP, providing potential for using such records to understand the complex processes that produce climate change. Although the underlying cause of harmonic variation (whether due to "beats" arising from the combinations of periodic components, modulation by nonlinear processes, or other mechanisms) cannot be determined from this short record or our current state of knowledge, the sensitivity expressed by ice core records suggests that in the future the answers to such questions may be found in the detailed signal analysis of longer records now being recovered from central Greenland.
